
RD-R145 373 TRIVALENT ION EXCHANGE IN BETA' ALUMINR(U) PENNSYLVANIAi/
UNIV PHILADELPHIA DEPT OF MATERIALS SCIENCE AND

I ENGINEERING B DUNN ET AL. 06 JUL 84 TR-6

UNCLASSIFIED NOO8i4-8i-K-526 F,'G 7/4 NL

Lmii



1.25

NATIONA BUEUO _TNAD-16-

4w J36



• 
i--i

OFFICE OF NAVAL RESEARCH

Contract N00014-81-K-0S26

'n TECHNICAL REPORT NO. 6

TRIVALENT ION EXCHANGE IN BETA" ALUMINA

by

B. Dunn* and G. C. Farrington**

Prepared for Publication

in

Solid State Ionics

*University of California
Department of Materials Science and Engineering

Los Angeles, CA 90024 USA

**University of Pennsylvania
Department of Materials Science and Engineering

Philadelphia, PA 19104 USA

36 July 1984

Reproduction in whole or in part is permitted for
any purpose of the United States Government

z This document has been approved for public release
and sale; its distribution is unlimited

84 :09 13 067



SECURITY CLASSIFICATION 1% THIS PAGE (Olhn Doa Entored) _1

" READ INSTRUCTIONSREPORT DOCUMENTATION PAGE EAORD COPLETIG FORM

I. REPORT NUMBER 12. GOVT ACCESSION NO. 3. RECIPIENT*S CATALOG NUMBER

4. TITLE rend Subtitle) S. TYPE OF REPORT & PERIOD COVERED

Trivalent Ion Exchange in Beta" Alumina Technical Report

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) S. CONTRACT OR GRANT NUMEER's)

B. Dumn and G. C. Farrington N00014-81-K-0S26

9. PERFORMING ORGANIZAT'ON SIAME ANO ADDRESS !0. PROGRAM ELEMENT. PROJECT, TASK
Department of Materials Science & Engineering AREA WORK UNIT NUMBERS

University of Pennsylvania
3231 Walnut Street, Philadelphia, PA 19104

It CO4TROLLIG OPFICE 4AME AND ADDRESS I. REPORT DATE

Office of Naval Research July 1984
800 N. Quincy Street 13. NUMBER OF PAGES

Arlington, VA 22217 3
14. MONITORING AGENCY NAME A AOORESSrif different from Controliing Office) 15. SECURITY CLASS. 'ot !his report)

Unclassified

1Sa. DECLASSIFICATION, DOWNGRADING
SCHEDULE

'.. DISTRIBUTION STAE aIENT o rils Report)

This document has been approved for public release and sale; its
distribution is limited.

17. DISTRIBUTION STATEMENT of the sbetect entered In Block 20. If different leain Report)

19. SUPPLEME TARY NOTES

19. RtEy wORDS (Continue on reverse side It necessary and Identify by block number)

beta alumina, solid electrolyte

20. ASSTR ACT (Cmlinue an rever e side Ift necessary mId fdentlfy by block numtber)

.l In exchange techniques were used to substitute trivalent cations for the
sodium iols present in soium be a'' alumia single crystals. Complete replace
ment was achievW using -ia-'-and 3 ias in molten salts. The c~
ductivity of Gd~ bealjjn smau~ n ptical properties of

P exchanged materl-als were studied. The trivalent beta" aliminas appear toN!
the first solid electrolytes to exhibit rapid trivalent cation motion at
moderate temperatures. Nk

D O R 1473 EDITION OF INOV 6S S OBSOLETE
.. N 0102- LF- 0|J. 6601 SECURITY CLASSIFICATION OF THIS PAQJE- (l Der* ternte)



a. cu

Daparbeent of Materials science a Egirmering
University of California
Las dAgeles, CPL 90074 USA

and
a. C. Ftrrinqto

Departmnt of Mterials Science a Engineering
University of Pemmylvartia
Philadelphia, PR 19104 USA

- FOA~

Ion exchange tedniques were used to substitute trivalent cations for the
sodium tons proenet4 so?"a beta*3.luwdna single crystals. amIete replacement
- g~acjievsd uing ad , *d and MA 37W inconduSat. e~ ctivity ofOd beta" alunmina was muasured and opical properties of WU exchangud materials
were studied. The trivalent beta" aLuminas appar to be the first solid electro-
lytft to exhibit rapid trivalent cation motion at moderate tamperatures.

1. i~tonO.94N2o - O.67Mgo - 54AL2 3 + 0.56 Rt3

In omwr previous ion aehange studies we
found that the entire sodium ion content of- .7g-52L0+LA Usbeta" aluminaa could be replaced by various 0-20203 -O6M0.A 2 3 4 E a
divaLait cations Ell. Theset studies indicate
that the range of divaLerit beta" alumina omipo- R 3  . M3s+'. aid ' s+f3+ tc.
sitio. is quite Ia~ and that the resulting
compounds are a now family of high onductivity
solid electrolytes frdivalent cation. Fu1~rth- ~ ut a ~ttileag
armors these divaLent materials elemonstrate ouResfrulls of thet trivantira exchag
that the JIumenc of fast ion transport in ocure fo l ftetialn osadta
solids is rat rsticted to selcte ffnvaet _CT1Gt 3 !xcI Sng 3 4P it'i Vws on o

CA , Nd ai S . e greater melting points
vatio. Win haets tharinitsthettuid thi s of the trivalent halide salt. required higher
aticmp I We hew fotat t bet ain synthesis tempratures then wm usned for the

are apale f mqporingtrivlen caion divalent materials. Neavertheless anoiderable
miction. Several differet trivalent. cotions io xhnswe berdint A Craghave been exchanged for sodim in beta" aluineminenachevdinte~0 ag
and in three cases we have synhesied ml whnen lower mflting salt. wee available (Gddl3PletelY exchanged (or nearly so) trivalent beta" or wdien eutectic malt cmositions (Prcz.

aluina=Moitiims It prpikatin o thse mN&l, MCI - MCI) wae employed. inadii.
ntralu an priiary mheauremeratis of these th lag oun of exchenge with RiCi at 270 C
matperils are rprimin thisuor.nso hi is a strong indication of rapid trivalent ion

proprtis ae reortd i thi paer.diffusion in the beta* aluminas. in contrast to

2.* Preparation of Trivalent Bete~ Aumin the results in Table 1, single crytals of
sodium beta alumina imumersed in the PrMl - Naci
melt for S4 hows produced no QmwsrableThe trivalent beta" alumina compositicons exchange. Te very differet response of beta

were qloprr by the ion exchange of sIgl cry- and beta" alumina to nultivalent ion transportOsts of tim beta" alumina. scific expaglimen- Ws discussed previously. [11
tal Procedures war similar to those descrie
for the divalent beta" alumina. 1]. Careful The trivalent exchanged crystals were
atmosphere omntrl wes required in order to found to be in good codition with no evidence
rmsme water from! the halide salt. and to minim-. of cracking. The crystals remained transparent
ize the formation Of refractory anr.talide cont- although NdW exchanged samples exhibited a
pounds during melting. The mnditions used for slight blue tint. X-ray diffraction analysis
trvln1. xhnear amie~i al onfirwied that the beta" alumina structure was1 * Y extent of exchange was determined by retaineds, hoawevr the 7b3 + m&teial appeared to ~radiacamical aid/or weight change mythods. In peesmm uteSrcua oiiain
the latter case the weight increase was on- moses sotmte oftl tctanl motiieti-n
sistent, with the exChunge reaction Thed.atntr fti cag s a dni



Table I .
Trivalent, Zen Exchngeondiion

ion Halt Coqoition ToW (OC) time(h) lexcdwmge

Gd3 Gda1 615 5 100
Nd3+ dr 2 . 95
i1d3  45 MM /AS umcl 60,I5

Y3 b3 70 20 9fl

+b mc 3  740 4 90
Sq+ SI1 000 05

OYCl 3 74 4 9
YB3 idl 270 12 70
jj+ 37 PrCl3 76~ omi 600 54 43

3. Electrical ad Cptical properties The fluorescence spectra of kUd'* exchanged

Ita mtdctivity for Gd3+ beta" aluina Wben" alumina are ganerally similar to that of
was masurd byainjidanceechnones of- iY0& O (). The latter usterial is

tial results awe ahohm in,"i. 1 and am to am lose Mai The opial tranestiul soli
a typical divalent (3m ) and to M bet saelaejots"h ptcltaniu
alumia. C23 Tag lower coductivity 1o C italytesmd ohc
and the geatAr activation energy for conduction positions, the only difference being that the

are xpetedbecae o th moe dificlt ro. spectra in beta" alumina are shif ted to diorter
ae ofitranspotine of the of dificharge wvelengths by approximately In nm. This shift

withi the couction pans ion o w igerduZ'4 arise from the different local structures of

tivity at rom temperature isagosistent with tetohs stras
the structure data %hidh show Gda ions 1oclad The aq.Vity to rapidly and completely
in bonds to column anygen. r~ At higher ternepS it et"auin a naldi
pII~i. To~e~ th cnt iviuty ati irn% n investigate the fluorescence 3 1ifetimm of the

(-le -lO d m ocr with th difso T;& state asa ftiction of Nd caoetrationa.
Ca xtrpolated Ifo e io exchanged treat- 2 conqares results for beta" alumina, im

mmand i actually comparable to the caruc Tm adl N V* 0 (NRn) host naterials.
tiiyo ri acasaiie ~ofi.E.a 96m..t Qjii&s with the agnetoplum-

tivtyo incalia tablizd zrooia.bits structure is a candidate naterial frhigh

The mmaisured coductivity values are suf.* pm lamer aplications. [53 The values ehcm
ficientIX low that they imy be influenced by
tram Me in the conduction plane. These possi-
ble contribtions are not yet identified and"m"
require comlmentary transport vluasurlmnts min. e m ,..s-g , i
accurate determination of residual Na content.
N Sahem. the low temperature exchange of
Di and the ability to achieve complete , M
peid fmmg rvd rbrtv v--replacement within the temperature and timeI.44
dance of fat trivalent cation notion. At this
tine, the trivalent beta" alunms appear to be
the first crystalline compounds to exhibit high
conductivity far trivalent, cations.

The rare earth ions exchanged into sodim
beta" alumina are optically active and prelim-
inary experiments bl~icate that all of these4
trivalent -rmpoitionu fluoresce. This behavior
suggests that the exchange of rare earth ions 1.. i a LO .S 8. 4 4.6 6.6 .
amy be ued as a very sensitive optical 1pt n to lw
determine 'oal' structure and ion distributions
in the conduction plane. in this pwer. sane 64OI., k.
initial optical miaaxots on M beta" s OW or-me~
alunina are presented. A more thorough spec-
traooWp study of this aterial will be pj-(a.
limse elsimihre. 4  Fig. 1 Coductivity of monovalent 1ij

divalent (0&2+) and trivalent (Od
beta" alumina single crystals



Table 2

Fluorescence Lifetime for N3+in Various Host Materials

Host Material Nd Concentration (ca Lifetime (us) Ref.

Beta" Alumina 40x~!Wr

Y3 At5 012
ca. 1.4 X 10 20 240 %his Work

E1-X N x ML11 019

3 x10 19 360 5
3.4 x 10 20 260 5
1.1 X 1 i21 52 5

in Table 2 indicate that the fluorescent life- Acdawleftenvents
times awe quaite loig I&the beta" aluina hust.I
even at vy larm Nd-contrations. This The authors are grateful fo the supot
Mugests that kM in the beta" aluina coduc- of this wwk by the Office of Wvel Beemearth

LDtion plane is lesesmuceptible to the self- (Contract. lbo. lIWl1l4-!-O526) aid. at the
qumddhngj effects which cause serios. reduction University of Pennsylvnuia, for additional
in lifetime and qantau efficiency at cntra- assistance from the Natioal Science Foundation
ticabo It in V hosts. Additional optical (MM1 Program No. EDS-7923647). ifb also appeci-
studies are in progress. ate the experimental assistance of V. T*Llkap.

D.L. Yn, B. Ghosal, S. Sattar and Profeso
4. Oocuin O.M. Stafsudd, Jr. and 4. Topp.

Trivalent ion sectan in beta- alumina ,.s Rfrn
a Icmpletely unxpcted aid extraordinary 1. G.C. Farrington and S. Dunn, Solid State~I , ~. The trivalent beta" alzydzms appear
to be the first solid electrolytes to exhibit Ionics 7 (1982) 2.67.
rapid trivalent cation motion, thus demonstrat-
ing that fas ion tanpot ini solids extend* 2. G.C. Farrington, J.O. Vmw~ and B. Dunn,
beund nmwvala* n d divalent ions.* In Submitted for publication.
adition. theses trivalent beta" aluminas Possess;
interesting optical properties. These proper- 3. J-0. taims, W. Crrillowarera aid G.C.
ties nt only permit new structural information Faringon, this 'ioltme.
to be derived, but also suggest that the
trivalent beta" aluminas way have potential opt- 4. E.A. Mangle, M4. Topp and S. Sattar. sub-
ical appications. mitted for publication.
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